The fresh and hardened properties of concrete with E-waste plastic, that is, high impact polystyrene (HIPS), as a partial replacement for coarse aggregate were analyzed using response surface methodology (RSM). Face-centred central composite response surface design was used in this study. The statistical models were developed between the factors (HIPS and water cement ratio) and their response variables (slump, fresh density, dry density, compressive strength, spilt tensile strength, and flexural strength). The Design-Expert 9.0.3 software package was used to analyze the experimental values. The relationships were established and final mathematical models in terms of coded factors from predicted responses were developed. The effects of factors on properties for all variables were seen visually from the response surface and contour plot. Validation of experiments has shown that the experimental value closely agreed with the predicted value, which validates the calculated response surface models with desirability =1. The HIPS replacement influenced all the properties of concrete than water cement ratio. Even though all properties show the decline trend, the experimented values and predicted values give a hope that the E-waste plastic (HIPS) can be used as coarse aggregate up to certain percentage of replacement in concrete which successively reduces the hazardous solid waste problem and conserves the natural resources from exhaustion.
Introduction
Generation of solid waste and its safe disposal have become a challenging task for developing and developed countries. Among the solid waste, electronic waste (E-waste) shows an alarming growth. For the past few decades, the developed and developing countries totally ignored this waste. The major reasons are complexity of waste, lack of recycling infrastructure, recycling in informal sector, lack of awareness among people, and so forth. Now, the E-waste generation receives the attention of the developed countries but their way of recycling the E-waste is different; that is, they have started exporting this harm to developing countries as shown in Figure 1 [1, 2] . E-waste comprises many toxic substances like mercury, lead, cadmium, brominated flame-retardants, beryllium, polyvinyl chloride, printed circuit boards, plastic casings, cathode ray tubes, batteries, and cable sheathing, and so forth, which are harmful to human health and environment if not handled properly [3] [4] [5] . In developing countries, after recovering the precious metals and useful materials from the E-waste in informal manner, the waste is being disposed in land, water body, or in open incineration. Most of the developing nations have framed the laws to restrict the import of E-waste and recycling in informal manner but the rules are in print without spirit.
E-waste disposals impact human health in two ways which include (a) food chain issues: contamination by toxic substances from disposal and primitive recycling processes that result in byproducts entering the food chain and thus transferring to humans and (b) direct impact on workers who labour in primitive recycling areas from their occupational exposure to toxic substances [6, 7] . A joint study on electronic waste generation was carried out by the Manufacturer's electronic waste was approximately 400,000 tonnes of waste annually (from computers, mobile phones, and television sets only), which is expected to grow at a rate of 10-15% per year. The study also reveals that only about 19,000 tons of E-waste is recycled and large amounts of E-waste are refurbished and sold in the secondary market [8, 9] .
Throughout the world, there has been a rapid increase in the utilization of concrete today, which results in increased consumption of natural aggregate. The developing countries are consuming more concrete to develop their infrastructure; this leads to the depletion of natural aggregates sources. In order to conserve the natural aggregate resources and to avoid environmental pollution, researchers have considered the different types of waste materials generated from different sources [10, 11] and adopted them to fine aggregate and coarse aggregate such as recycled aggregate [11] [12] [13] , postconsumer plastics [14] [15] [16] , and scrap tyres [17, 18] . Recently, researchers have started to minimize the E-waste impact on the environment by preserving the natural aggregate resource and by utilizing the E-waste as construction material as an alternative to natural aggregate.
In E-waste, researchers focused only on the usage of plastic and glass waste from electrical and electronic equipment to use as an aggregate in cement and concrete composites [9, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Materials and Methods
In this experimental investigation, the recycled computer plastic waste from E-waste has been used as a partial substitute for coarse aggregate in concrete; that is, high impact polystyrene (HIPS) plastic from computers and its accessories are used in the concrete as a partial substitute for coarse aggregate in various volume percentages such as 10%, 20%, 30%, 40%, and 50%. Ordinary Portland cement (OPC 53 Grade) with specific gravity of 3.13 was used in all concrete mixtures meeting the specifications of IS 12269-1987 [31] . The broken granite with a maximum size of 12.5 mm, specific gravity of 2.79, and density of 1624.22 kg/m 3 has been taken as a coarse aggregate. River sand with a maximum size of 4.75 mm, specific gravity of 2.65, and density of 1656.09 kg/m 3 has been taken as fine aggregate. HIPS aggregate with a size varying from 6 to 12 mm, specific gravity of 1.29, and density of 595.30 kg/m 3 has been used to meet the specifications of IS 2386-1963 (Parts I-IV) [32] . The HIPS aggregate has flaky shape, smooth texture, and uniform black colour as shown in Figure 2 . The concrete mix of three different grades of concrete (M20, M25, and M30) with three different water cement ratios (0.45, 0.49, and 0.53) was designed on the basis of IS 10262-2009 as shown in concrete mixes on the basis of IS 456-2000 [34] . The fresh and hardened properties of concrete tests were performed in accordance with the IS 516-1959 [35] and IS 1199-1959 [36] .
Experimental Design
According to Montgomery, response surface methodology (RSM) is a collection of mathematical and statistical techniques used for modeling and analyzing of problems in which a response of interest is influenced by several variables and the objective is to optimize this response [37] . In this study, the fresh and hardened properties of concrete were analyzed and relationships were developed based on RSM.
The response surface design used in this study is face-centred central composite response surface design. A face-centred central composite response surface design with = 1 and full quadratic model for each response was used. The statistical (Vol%) is coded as and water cement ratio ( / ratio) is coded as ; both were selected as the factors and studied at different 3 levels. The factors and factor levels are shown in Table 2 . Table 3 presents the experimental runs, their factor combinations, the translation of the coded levels to the actual experimental units, and space types used in this study. Fresh properties such as slump, fresh density, and hardened properties such as dry density at 28 days and compressive strength, spilt tensile strength, and flexural strength at 7 and 28 days were taken as the response variables. Equation (1) shows the full quadratic model in terms of coded factors:
where is predicted response; 0 is intercept; 1 , 2 are linear effect coefficients; 11 , 22 are quadratic effect coefficients; 12 is interaction effect coefficient.
Results and Discussion
Using Design-Expert software version 9.0.3, the experimentally obtained fresh and hardened properties of concrete with HIPS were analyzed and the design matrix of the variables in the coded units are shown in Tables 4-6 Tables 7-15 . In this study, the value approach is employed for hypothesis testing; that is, "Prob > " less than 0.05 indicates that model terms are statistically significant.
Response Surface for Fresh Properties.
The experimental values show that the slump and fresh density of concrete decrease with the increase of HIPS. The experimental values were used to study the effect of W/C ratio and HIPS (Vol%) in fresh concrete properties using RSM. Table 4 presents the actual and predicted values of slump (mm) and fresh density (kg/m 3 ) of fresh concrete with HIPS. Tables 7 and 8 present the results of the ANOVA for slump and fresh density response surface quadratic model obtained. Table 7 shows that the HIPS% effect ( < 0.0001) and the quadratic HIPS% effect ( = 0.0005) were statistically significant at the stipulated level of 5%. The W/C ratio effect ( = 0.1463), quadratic W/C ratio effect, and the effect of interaction of HIPS% and W/C ratio ( = 0.3514) were statistically not significant at the stipulated level of 5%. Equation (2) gives the final mathematical models in terms of coded factors: The effect of each variable on this property can be seen as contour plot and response, as shown in Figure 3 . Table 8 shows the analysis of variance for fresh density (kg/m 3 ) response surface quadratic model. In that, the HIPS% effect ( < 0.0001) and the W/C ratio effect ( = 0.0003) were statistically significant at the stipulated level of 5%. The quadratic W/C ratio ( = 0.5384) and HIPS% effect ( = 0.7737) as well as the effect of interaction of HIPS% and W/C ratio ( = 0.5564) was statistically not significant at the stipulated level of 5%. Equation (3) 
The fresh density decreases with the W/C ratio and decreases when the HIPS content increases. The effect of each variable on this property is plotted as response and contour plot, as shown in Figure 4 . Table 4 presents actual and predicted values of dry density (kg/m 3 ) and Table 9 presents the results of the ANOVA for the dry density (kg/m
Response Surface for Hardened Properties.
3 ). Table 8 shows that the HIPS% effect ( < 0.0001), the quadratic HIPS% effect ( = 0.0001), the W/C ratio effect ( < 0.0001), and the effect of interaction of HIPS% and W/C ratio ( = 0.0005) were statistically significant at the stipulated level of 5%. The quadratic W/C ratio effect ( = 0.9045) was not reached the statistically significant at the stipulated level of 5%. Equation (4) 
The effect of each variable on this property was plotted as response and contour plot, as shown in Figure 5 . It can be seen from Figure 5 that the dry density decreases with the increase of HIPS, since the density of HIPS is less when compared to Tables 5 and 6 present the actual and predicted values of 7-day and 28-day compressive strength of concrete cube specimens of size 150 mm. Tables 10 and 11 present the results of the variance analysis for the 7-day and 28-day compressive strength using the response surface model. The compressive strength decreases with the increase of HIPS; for all W/C ratios, since the shape of HIPS is flaky and smooth in texture, there is lack of bond between the HIPS and mortar. Table 10 shows that the linear and quadratic W/C ratio effects ( < 0.0001 and 0.0040, resp.) are statistically significant at the stipulated level of 5%. The linear and quadratic HIPS% effects ( < 0.0001 and 0.001, resp.) are statistically significant at the stipulated level of 5%. Equation (5) (5) Table 11 shows that only the linear HIPS% and W/C ratio effects ( < 0.0001 and < 0.0001, resp.) are statistically significant at the stipulated level of 5%. Equation (6) 
The effect of each variable on 7-day and 28-day compressive strength is plotted as response and contour plot, as shown in Figures 6 and 7 . Tables 5 and 6 show the actual and predicted values of 7-day and 28-day spilt tensile strength of concrete cylinder specimens of size 150 × 300 mm. Table 12 shows that only the linear HIPS% and W/C ratio effects ( < 0.0001 and < 0.0001, resp.) are statistically significant at the stipulated level of 5%. Equation (7) (7) Table 13 shows that only the linear HIPS% and W/C ratio effects ( < 0.0001 and < 0.0001, resp.) are statistically significant at the stipulated level of 5%. Equation (8) 
The effect of each variable on 7-day and 28-day spilt tensile strength is plotted as response and contour plot, as shown in Figures 8 and 9 . Figure 12 : Predicted response for 28-day split tensile strength. Table 14 shows that only the linear HIPS%, W/C ratio effects, and interaction effect ( < 0.0001, < 0.0001, and = 0.0005, resp.) are statistically significant at the stipulated level of 5%. Equation (9) 
The effect of each variable on 7-day and 28-day flexural tensile strength is plotted as response and contour plot, as shown in Figures 10 and 11 . Like the compressive strength, the spilt tensile strength and flexural strength decrease with the increase of HIPS for all W/C ratios and for all curing periods. In this study, all models are statically significant for chosen significant level of 5%. The predicted -squared, adjusted -squared values and values for all responses are presented in Table 16 .
Validation of Experiments.
To validate the calculated statistical models for fresh and hardened properties of concrete with HIPS, experiments were conducted. For validation, the concrete mix with 25% HIPS volume percentage and 0.49 W/C ratio were taken, responses were calculated using the models, and measurements were taken experimentally and are shown in Table 17 . It can be seen from Table 16 that the experimental value closely agreed with the predicted value, which validates the calculated response surface models with desirability = 1. A visual example for one response, that is, 28-day split tensile strength, using design expert is shown in Figure 12 .
Conclusion
In this study, E-waste plastic (HIPS) was used as partial replacement of coarse aggregates in concrete. The experimental study has been conducted to assess the engineering properties of concrete with HIPS aggregate. The fresh and hardened properties of concrete with E-waste plastic (HIPS) such as slump, fresh density, dry density, 7-day compressive strength, 28-day compressive strength, 7-day split tensile strength, 28-day split tensile strength, 7-day flexural strength, and 28-day flexural strength were found experimentally. It was observed that the slump and fresh density have shown a significant decrease upon increasing the HIPS quantity. The concrete specimens were tested on 7 and 28 days. The compressive strength, splitting tensile strength, and flexural strength were found to be decreased by replacement of HIPS compared to control concrete. With the help of Design-Expert software, the measured experiment values were analyzed by face-centered composite surface design. Full quadratic model is employed and all models are found as significant. In all the models, linear effect of HIPS (Vol%) was more significant when compared to other effects for a given stipulated level of 5%. Finally, the predicted models were validated by experiments with 25% HIPS and 0.49 W/C ratio. The results closely agreed with the predicted model, which implies that the predicted model is reliable. In future, these models can be used for framing guidelines for concrete mix design. Based on this investigation, it can be inferred that the concrete with HIPS up to 30% of replacement can be used for structural concrete. However, incorporation of E-waste plastic (HIPS) waste as an aggregate replacement in concrete has given scope to develop new construction materials valuable for both the construction and the electronic waste recycling industries.
